ABSTRACT. Pernambuco is one of the 27 federal units of Brazil, ranking seventh in the number of inhabitants. We examined the allele frequencies of 13 short tandem repeat loci (CFS1PO, D3S1358, D5S818, D7S820, D8S1179, D13S317, D16S539, D18S51, D21S11, FGA, TH01, vWA, and TPOX) , the minimum recommended by the Federal Bureau of Investigation and commonly used in forensic genetics laboratories in Brazil, in a sample of 609 unrelated individuals from all geographic regions of Pernambuco. The allele frequencies ranged from 5 to 47.2%. No significant differences for any loci analyzed were observed compared with other publications in other various regions of Brazil. Most of the markers observed were in Hardy-Weinberg equilibrium. The occurrence of the allele 47.2 (locus FGA) and alleles 35.1 and 39 (locus D21S11), also described in a single study of the Brazilian population, was observed. The other forensic parameters analyzed (matching probability, power of discrimination, polymorphic information content, paternity exclusion, complement factor I, observed heterozygosity, expected heterozygosity) indicated that the studied markers are very informative for human forensic identification purposes in the Pernambuco population.
INTRODUCTION
Studies estimating the genetic admixture in established populations indicate that the most striking migratory movement in recent centuries has been the colonization of the Americas (Bonilla et al., 2004; Bedoya et al., 2006; Martinez-Marignac et al., 2007; Tang et al., 2007) . One method of increasing the understanding of the genetic makeup of a population is to estimate the contribution of parental populations based on the distribution of allele frequencies of genetic markers (Salzano, 2004) .
The most frequently used genetic markers used in forensic laboratories and paternity tests include short tandem repeats (STRs), the Y chromosome, and mitochondrial DNA (Martins et al., 2010; Ziętkiewicz et al., 2012) . Those with high discriminatory power, higher frequency of heterozygotes, low mutation rate, high degree of informativeness, smaller size, and lower training stutters, are considered to be the most important for human identification (Hares, 2012) .
The distribution of allele frequencies of DNA markers differs between biogeographically separated populations and those from a different origin (Gusmão et al., 2001 ). The Brazilian populations, including Pernambuco, are considered to be the most heterogeneous in the world (Aguiar et al., 2012) . Several studies have been conducted to examine the real contribution of Native Americans, Europeans, and Africans, but the only consensus is that the dynamics of crossovers in Brazil are both unique and complex (Pena et al., 2009) .
Material evidence based on DNA analysis is valuable in the process of criminal investigation and identification (Gershaw et al., 2011) . Because of the importance and applicability of STR typing (Choi and Seo, 2009 ) targeting human identification, in November 1997, the Federal Bureau of Investigation (FBI) established 13 loci that would be used as the Combined DNA Index System (CODIS), which were tested and validated for forensic applications (Budowle et al., 1998; Butler, 2005; Michelin et al., 2008) .
These markers have been widely used worldwide; even after more than a decade, the markers continue to play an important role in the field of forensics, particularly in the construction of criminal databases (FBI, 1997; Krzyzanńska et al., 2006; Li et al., 2008) . When a biological sample is derived from a single source, these 13 markers satisfactorily meet the needs of any forensic laboratory (Ge et al., 2012) .
A database of genetic profiles, for forensic purposes or for locating missing persons, has been adopted in many countries, including Brazil; this justified the importance of STRs in the forensic community (Corte-Real, 2004; Walsh, 2004) . DNA databases have become central to criminal investigations and for understanding local allele frequencies (Gill et al., 2006; Jacques and Minervino, 2007; Martins et al., 2010) .
In 2012 and 2013, Brazil took an important step in combating crime by publishing Law No. 12.654/12, which establishes DNA as a form of criminal identification (Brazil, 2012) , and Decree No. 7.950/2013 , which establishes the National Bank of Genetic Profiles and Integrated Bank Network of Genetic Profiles (Brazil, 2013) . In this study, we examined the allele frequencies of 13 STR loci. The results will serve to support the actions of forensic genetics in Northeastern Brazil.
MATERIAL AND METHODS

DNA samples
Because of the forensic application of our research, sampling was determined in proportion to the number of inhabitants residing in each of the 8 areas of Pernambuco, with territorial division proposed by the Pact for Life Government Program aimed at preventing and reducing violence. There are 8 territories and 26 integrated security areas, linking overt police actions with police actions in the state (Pernambuco, 2007) . Samples were collected mainly in the host cities of each region, resulting in very diverse samples. Buccal mucosa samples derived from 609 adult subjects, unrelated, all born and residing in the State of Pernambuco, were analyzed.
The samples were collected using a mouth swab after obtaining informed consent from each subject. The sample was composed of individuals living throughout the territory, respecting the proportionality of the number of inhabitants, according to the census of the Brazilian Institute of Geography and Statistics (IBGE, 2010): territory 1-capital (N = 115); territory 2 -metropolitan region (N = 150); territory 3 -south forest (N = 37); territory 4 -north forest (N = 60); territory 5 -wild 1 (N = 65); territory 6 -wild 2 (N = 56); territory 7 -backcountry 1 (N = 61); territory 8 -backcountry 2 (N = 65).
This study was approved by the Ethics Committee on Human Research of the Centro de Ciências da Saúde, Universidade Fedral de Pernambuco, CEP/CCS/UFPE. The Certificate Presentation to Ethical Consideration (CAAE) was 14961813.2.0000.5208. The territorial division according to the model adopted by the Government of the State of Pernambuco: "Pact for Life" program is displayed in Figure 1 . 
DNA extraction
Biological samples were extracted using the DNA IQ™ System kit (Promega, Madison, WI, USA) as recommended by the manufacturer and adopted at the "Laboratório de Perícia e Pesquisa em Genética Forense" (Recife).
STR genotyping
To amplify the STR 13 regions (loci) (D21S11, TH01, D3S1358, FGA, TPOX, D8S1179, D16S539, D7S820, D13S317, D5S818, VWA, D18S51, and CSF1PO) , as well as amelogenin to identify gender, we used the AMPFℓSTR Identifiler ® Plus ® PCR Kit (Life Technologies, Carlsbad, CA, USA) and PowerPlex ® 16HS (Promega) commercial kits following the manufacturer protocols. Amplicon separation and detection were performed using the ABI3500 automated sequencer (Applied Biosystems; Foster City, CA, USA) with the GS-600 LIZ standard and POP 4 polymer (Applied Biosystems) size. Genotyping was performed using the GeneMapper IDX software (Life Technologies).
Statistical analysis
Allele frequencies, Hardy-Weinberg equilibrium, expected heterozygosity (H E ), and observed heterozygosity (H O ) were calculated using the Arlequin software version 3.5.1.2 (Excoffier, 2010) . Other statistical parameters of forensic and paternity importance included matching probability (MP), power of discrimination (PD), polymorphism information content (PIC), power of exclusion (PE), and typical and paternity index (TPI), and were obtained using the PowerStats, version 12 (Tereba,1999) .
RESULTS AND DISCUSSION
Deviations from Hardy-Weinberg equilibrium were observed for the markers FGA, D5S818, vWA, and D18S51, but these deviations disappeared after Bonferroni correction (level of significance: 0.0038). The presence of rare alleles or the characteristic substructure of Brazilian populations may account for this finding (Soloum et al., 2013 ). For all markers, H E values were very similar to H O values.
Of the 13 loci studied, D18S51 showed a PIC value of 0.87, suggesting high informational power. The TPOX locus showed a peak of 0.65, indicating that this marker was the least informative. The D18S51 and FGA loci showed higher discrimination powers of 0.973 and 0.976, respectively. Our results for the Brazilian population (Grattapaglia et al., 2001; Fridman et al., 2008; Aguiar et al., 2012) agreed with those for the populations of Pará -North Region (Ribeiro-Rodrigues et al., 2008) , the Mato Grosso do Sul -Midwest Region (Silva et al., 2004) , Minas Gerais -Southeast Region (del Castillo et al., 2009) , and Rio Grande do Sul -South Region (Leite et al., 2003) for most markers and indicators assessed.
In a previous study examining STR allele frequencies in the population of Pernambuco, the D5S818 and D3S1338 loci were not evaluated (Dellalibera et al., 2004) . The present study confirmed that both are important in forensic laboratories, with higher H E , high informative power based on the PIC values, and high PD observed (Table 1) . Table 1 . Allele frequency distribution of 13 STR loci observed in the present study.
In this study, the occurrence of rare alleles, described in a single study for the Brazilian population (Aguiar et al., 2012) , was also observed. These included allele 47.2 (locus FGA) and alleles 35.1 and 39 (locus D21S11). Allele frequencies and other statistical parameters of forensic interest for the 13 loci suggested by CODIS are shown in Tables 1 and 2 , respectively.
Our study examining the allele frequencies of the 13 STR loci recommended by CODIS was more robust than previous reports for the state of Pernambuco. The results presented here will be applied for routine statistical calculations of the Laboratório de Perícia e Pesquisa em Genética Forense and will serve as basis for criminal studies performed in Pernambuco. Table 2 . Forensic parameters in Pernambuco, Brazil. MP = matching probability; PD = power of discrimination; PIC = polymorphism information content; PE = power of exclusion; TPI = typical paternity index; H E = expected heterozygosity; H O = observed heterozygosity; P (HWE) = uncorrected P values from Hardy-Weinberg equilibrium test. 
